B gt Aasta] A0 AlE, pp. 1~7, 2004. 06. 30 (ISSN 1229-3431)

Journal of the Korean Society of Marine Environment & Safety

Y73 dlolelel] g Hur & RADARSATS th71 24 3

kIS
YA 7Y PPN LYATE HYATY

Ship Detection by Satellite Data: Radiometric and Geometric
Calibrations of RADARSAT Data
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ABSTRACT  RADARSAT is one of many possible data sources that can plav an important role in marine surveillance including
ship detection because radur sensors have the tvo primary advantages: all weather and day or night imaging However,
atmospheric effects on SAR imaging can not be bypassed and any remote sensing image has various geometric distortions. In
this study, radiometric and geometric calibrations for RADARSAT/SAR data are tried using SGX products georeferenced as
level 1. Even comparison of the near vs. far range sections of the same images requires such calibration. Radiometric calibration
s performed by compensating for effects of local illuminated area and incidence angle on the local backscatter. Conversion method
of the pixel DNs to beta nought and sigma nought is also investigated Finally, automatic geometric calibration based on the 4
pixels from the header file [s compared to a marine chart. The errors for latitude and longitude directions are 300m and 260m,
respectively. It can be concluded that the error extent (s acceptable for an application to open sea and can be calibrated
using a ground control point.
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Table 1 Microwave frequency bands and
corresponding satellites

Frequenc: Wavelen,
Band adency gth, Satellite
. GHz cm
P 022503 133-77 AIRSAR
ALOS(PALSAR),
L 0.39-1.55 77-19
TerraSAR-L
S 1.55-3.90 19-7.7 E-SAR
ERS(VV-Pol.), Envisat,
C 3.90-6.20 7.7-4.8
Radarsat(HH-Pol.)
X 6.20-10.9 5228 TerraSAR-X
Ku 10.9-18.0 2.8-1.7 CyroSAT, RAMSES
Ka 18.0-36.0 1.7-0.8 RAMSES
Table 2 SAR modes of RADARSAT
Swath Resolution Loo Incidenc
Mode
width(km) | rangexaz(m) ks € angles
Standard 100 25x28 4 20-49
. 165 48-30x28 4 20-31
Wide swath 150 32-25%28 4 3139
Fine res. 45 11-9x9 1 37-48
ScanSAR(na 305 50%50 2-4 20-40
row, wide) 510 100x100 4.8 20-49
Extended 75 20-19x28 4 50-60
(high, low) 170 63-28x28 4 10-23
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Fig. 1 RADARSAT bheam modes and positions.

AAFelolel(&HBAndlolt, Synthetic Aperture Radar,
SAR 71718 ztx ok ®E3E o] 9L gHUEr] F3AAE
(A LE 798km, A=A 986E)olA oF 10189 F7|=
2499 ALY E zheth Table 12 rlolazs MM E e
A7} Fog, e BAE  vehia Sl
RADARSAT2 C-Wi=(F 34 53GHz, 3+ 560m)e] HHA
3H(Horizontal-horizontal polarization)Z AF&3tth Table 2]

¥ SAR9| 7714 #EE o] g BEYH(50-500km), F3hE
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Table 3 Product characteristics

Presentation plane/Im
Processing | Mnem . age orienFation/Abso
. General Characteristics lute location error/R
Level onic . L
elative geometric di
stortion
. Unprocessed radar signal. L
Signal Data | RAW |8/ EE0 omated. VA
Single Amplitude  and phaseA are 1Stant range
Look sLC | Preserved. Data remains i}, " o orbiy
n slant range. Data is ca
Complex librated. <75Cm / <40m
Data is converted to grou
nd range and multi-lookg Ground range
Path Image | SGF | Processed. Image remai | "p "o e orbiv
ns oriented in direction o
f orbit path. Image is cal <750m / <40m
tbrated.
Data is converted to grou
nd range. Image remains
Path Image or?cnted in direction of o |Ground range A
Plus SGX l’l?lt path. _Data has finer |/ To satellite orbit/
pixel spacing than Path || <75Cm / <40m
mage. Image is calibrate
d.
Image isl cqrrected to a Ground range
Map Image | SSG map projection. GlS soft / To map/ <750m /
ware and/or image proce
ssing software. <40m
Image is corrected to a
Precision map projection. Client-pr jGround range
Map SPG | ovided GCPs are used to |/ To map/ <40m /
Image improve positional accura | <40m
cy.
Terrain distortions are re
Ortho-Imag ORI moved. Orthocorrected us (Ground range
e ing client-supplied DEM |/ To map
and maps.
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Table 4 File format for RADARSAT CEOS products

RADARSAT?] 7|2 A3 7|38 A

Table 5 Fields of the CEOS detailed parameters record

File Name Record Name / Record Size(byte) Mnemonic for SGX product
Volume | Volume descriptor record/360 vol_desc_rec Field | Mnemonic | Byies Format Description
Directory |File pointer records /360 file_pntr_rec i
o e o il 44 |sens_config| 534-543 | Alg |  Sersorcomfiguration
File Text record /360 text_rec - (ascending/descending)
. sar_desc_rec . sensor orientation
SAR leader file descriptor record /720 45 sens_orient | 544-552 A9 (right/left looking)
Data set summary record/4096
Data quality summary record/1620 dataset_sum_ree 411417 eph—";b—da‘ 46494760 | TE16.7 | Ephemeris orbit data
qual_sum_rec —
Signal data histogram record/16920 sdr hist rec 418 appl_type |4761-47721 Al2 Application data
Processed data 16-bit histogramrecord | 1o i o 419-423 Sl"wgte‘;“e—c 4773-4882| 5D22.15 | Slow time coefficients
/16920 -
saR |07 24 | nsrgr |48834886 14 Number of SRGR
Leader File Process:r-lg parameters record/7726 proc_parm_rec i coefficient sets
Map projection data record /1620 tmap_proj_rec 425 | srgr_update |4887-4907| A21 SRGR update date/timeﬁ
Platform position data record/8960 pos dat; ;ec 426-431 | srgr_coef |4908-5003 | 6E16.7 SRGR coefficients
Attitude data record/8960 o
. ) att_data_rec
Radiometric data record /9860 radi_data_rec Table 6 Fields 12 to 531 of the CEOS radiometric
Radiometric compensation data record ra di_comp_rec data(SGX) record
/16836
SARD Image options file descriptor record /16252 |imop_desc_rec Field | Mnemonic Bytes Format Description
ata
File Signat data records / variable sdr_data rec 13 n_samp 61-68 18 Numbers;)ﬂ;zl:up table
Processed data records / variable pdr_data rec 13 samp, type 6984 6 Sample type designator
SAR trailer file descriptor record sar_desc._fec 15 samp_inc 85-88 14 Increment between table
1720 (samp_ic) i entries, range samples
d
Data set summary record /4096 alasct_sum_ree 16-527 | lookup_tab | $9-8280 | °'2E'® | Gutput scaling gain table
Data quality summary record /1620 qual_sum_rec L
. a . ay sdr hist rec 528 spare2 8281-8284 A4 Unused
Signal data histograms record /16920 - = -
. Thermal noise reference
SAR  |Processed data (8-bit) histogram record / 529 | noise_scale | 8285-8300 | F16.7 level
. . pdr8_hist_rec
Trailer File | 16920 530 spare3 | 8301-8316 | F16.7 Unused
Processing parameters record/7726 e pann_téc 531 offset 8317-8332 | E167 Scaling offset
Attitude data record / 8960 att data rec 532 | calib_const | 8333-8348 | El6.7 Calibration constant
Radiometric data record / 9860 -
) ] ; radi_data_rec
Radiometric compensation data - )
record / 16836 radi_comp_rec Table 7 Fields of the dataset sumnmary record
Null Field | Mnemonic Bytes Format Description
Vol ST —
Ao ume Null volume descriptor record / 360 nutl_vol_rec 17 ellip_major 181-196 Fl16.7 £ hpSOld. Semi-major
Directory - axis(km)
. — insoi P
File 18 ellip_minor 197-21 Fl16.7 E lpso:q semi-minor
axis(km)
Platform geodetic latitude
=] =)t el © . 6 lat_lat 453-460 F8.3
=gahs Auke) dlolrielts Wl SARIA L, WAlge % 36 | pett (deg)
T JAS ;L_L?;.z}—_).c]r [5] SHe|L}E EF At ¢)Ajo)nt ?'50—8’7]3] o‘ 122 pix_spacing | 1703-1718 | F16.7 Pixel spacing
S e AE g5 AA9A £ ddparEd dind
HEstel 4 i zia}é}-: Row Adel obgilE Algsa  A)7F LARE dFolnh
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Table 8 Fields of the detailed processing parameters

record
Field | Mnemonic | Bytes | Format Description
46494 First element of jcqumc?cnall orbit
411 |eph_orb_data El6.7 elements=orbit semi-major
664 .
axis(km)
426-43 . 14908-5 ) )
| srgr_coet 003 6<E16.7 Pixel spacing

Table 9 Fields of the processed data record

Field Mnemonic Bytes Format Description
10 n_data_pixel | 25-28 B4 Data pixel count
78] i gl Hab FstA ga vhabete, ghidel
1/4vIeke} A7l M Fapgict she] 12459 diidEd
B, Ade WAbsh Faprt mF dojdih
Table 3& RADARSAT A% A ez gdao 02 &

o dEe 7esd
SGX, o)1, 2 25 SSG, SPG, ORI dlo]Elof i
oAM= SGXulolE & A&ttt
Table 4ol¥ CEOS X9 ot 72 & Yelligich CEOS
AES 5709 Bd2 F45o] 9lth Table 5-Table 9+ 2t &
Aol Y8 AL st glo) Q3 BB Hejd Aot &

A% 49 7t elol#e] 4ue #u vhath

g 0% RAW, &4 1% SLC, SGF,
g o7
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Fig. 2 Ilustrating slant range relations.

Pixel Data(DN) = /12 + QZ: 2 bytes,

Amplitude, relative amplitude

I : in-phase By extraction and
component application of the
Q: quadrature scaling
component information
\ 4
Beta Nought(8°):  pNZ/K

Radar Brightness Values, Intensity (dB)

As a function of
pixel incidence
angle

K : calibration

constant

Sigma Nought(g®): 4 bytes, Backscattering
Coefficient, Intensity (dB)

Fig. 3 Extraction procedure of beta nought and sigma
nought from RADARSAT CDPF products(
range -SGX - image used).

here ground

e

# 1l 5 (Power Density)<

P,
= 5 Y
47R
2 Aelgoh el disted FaY orelLt oGS AFEE)
o dste] WAPRE melsA W, ADE thesl Aok
Tt



A4 diojed] 2k Mk ©Bx): RADARSATS 71w 45 718tu4

PG’
AnR? 2)

KR =

olmjf Ayl Refl iz FA=RE AdH Hurh £4 eyl

A e s dEd s ohga) gk
I Pl
T (YR &)

2(2)9F A(3)& o of thafr Fejshd vk P

I
o= 11m(47tR2 I(R)) @

Avtel %90 @ ekt Aol thgw

S AH7

ol AAo Ak

o= 52fl/2D3/2 5)

o 701N, i solzizskel Fih4(MHz), D At WHE

Folut,

dpado] a) SAR®| #ojr] WAL ey AT AA ¢

Apshiz wlolAiste] Ay Prz R@HY, FtadHy
(backscatter RCS)o] #8-%lc}.
B P,(Gt) 2/12
=m0 ®)

Fig. 291419} %0 beta nought(B®) & ol ¥ %(radar
brightness)s* RCSHE AMHAZI( slant range)oll ta|A] Fxigd
815k gholct.

B°= o/ dxdR )

sigma nought(c®) &8 FHikeAl 4 (backscattering co-
efficient)t= iH3 Ao QAZHB) I beta noughte] Fo2
gl

o+ sing;

o= ik ®

-sinfd; =

outzi e gojr] HolE i side-lookingl.z #EHFHZZ
W& 7hmo) we) JAe] T4l ghol wiskstAl gtk 1A
sl 7ol FAsy YW A9 2AEY] 8z #dA
(range) drakol]l that YAbztel Jakg HAS) Folofrt H&at
A dejei el M3l g wind £ Ak Sigma noughts ¢
Abs)Az whola R radiationd Ho|H2 thA HER F A
58 wels Yo, 7F AR Absl: el Y 8T

¥ 25 CEOS leader fileol A 3-8 4= glow, dB 534

goj7ct 7+ i ubtt 9ol MM SA, calibration g% Lol
m2} sigma nought® 8}7] 943 whye tha zolzh Utk
Fig. 3& RADARSAT SAR® 4%, DN#t& A3l heta
nought$} sigma nought & AAteh= 78S vepd Aolut &
A AL olske] Mol A =olFc).

32 Beta Nought(8®) =%

7} djoleie] e dht wir F AMSLCY A 1% Qe

DNeog m#=v gxg f4ae] mrji vepich A Aol
#3 2@ 'CEOS WAL dlolg] 71 go] 7iAxo] sk
(Table 6). A7]o| A= F4 DNE beta nought(p®) &8 #ol
U B gtoz WA g dislM g

DNjol dlo|El2] #|Q1|(range) ®ate] X-&-H-8 jH~ =4
o Arl% Jehlle dx" exEhE, o] 4ol it beta
nought= T334} o] FHPLH

B%=10% log 10[ (D]VZJ+A3)/A2 j]dB 9)

& 7)ol A, A2, = (A AU o] H(gain)gt, A3y 1
Aot} A3y Table 6014 Kol AxY vlg A& F+ gloy,
A2 = Edelo]E(ookup table, LUT table)E #An g sto Ay
WA & AHES 78 4 Atk o] 7191 A beta nought 9} T+
dBoltl. A2x= €14 el Ascending® Descending 2ol whal 7}
2} Near Range First®} Far Range First® dlo]E]7} 7o) 7]
v ol& 1A % Aitsiol vl Near Range First o)
olelol] diaiA =,

A2 ;= Ai  +[(Ai y— Ai D*((Glsamp _ic)—i )] (10)

A7NNA, i, = floor(j] samp _ic)
i y=ceal(j/samp _ic)
7 = samp _icx(n _samp — 1)

Far Range First ®io]Ejol thalj A,

AZ AZL+[(A1U All)*
((n _ data _moel—j—1/samp _ —ipl 1)

7)o, ¢, = floo n _ data _pixel —j—1/samp _ ic)
i y=ceil(n _data _pixel—j—1/samp _ic)
7 = n _data _pixel —samp _icx(n _samp—1)

9} o] dhA AZE T3 oi7lolA, samp_iciz HAEolE:
& Abole] 2, n_data_pixel 1A wWake] 4 Al



Fig. 4 Overview of test area and RADARSAT
Fine Beam 4 ground
January 13, 2003, orbit 37542, ascending,
right-looking.
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Fig. 5 Comparison of maritime chart(left)

and
auto-geocorrected RADARSAT/SAR(right

image). Box is a ground reference point,

used for comparing two figures.
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Fig. 6 Radiometrically corrected and

Comparison site of maritime chart(left)
and auto-geocoded image.
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Ifig. 7 Positions of ships in and around Busan Port,

represented with a intensity.
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